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Abstract
Background—Gall bladder functions are
modulated by neurones intrinsic to the
organ. Data are available on the neuro-
chemical composition of intrinsic and
extrinsic nerves innervating the gall blad-
der but are lacking on specific functional
classes of gall bladder neurones.
Aims—To characterise the intrinsic motor
neurones of the gall bladder and identify
their roles using pharmacological tech-
niques.
Methods—Retrograde tracing from the
possum gall bladder muscle in vitro
allowed identification of intrinsic motor
neurones. Subsequently, their content of
choline acetyltransferase and nitric oxide
synthase, markers of acetylcholine and
nitric oxide containing neurones, was
established using immunohistochemical
techniques. Organ bath pharmacology
was used to evaluate neurotransmission
by acetylcholine and nitric oxide in gall
bladder muscle strips.
Results—Innervation of the gall bladder
musculature by neurones of both the mus-
cular and serosal plexuses was demon-
strated. A large proportion (62%) of these
motor neurones were immunoreactive for
nitric oxide synthase. All gall bladder neu-
rones showed immunoreactivity for
choline acetyltransferase. Organ bath
pharmacology confirmed the neuroana-
tomical data, showing acetylcholine and
nitric oxide mediating neurotransmission
to the gall bladder musculature.
Conclusions—Neurones containing ace-
tylcholine and nitric oxide, located within
the muscular and serosal plexuses, pro-
vide excitatory and inhibitory motor in-
nervation of the gall bladder, respectively.
The large inhibitory innervation suggests
active relaxation of the gall bladder during
filling, mediated by intrinsic nerves.
(Gut 2001;49:692–698)
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The motor functions of the gastrointestinal
tract are primarily regulated by the enteric
nervous system. The technique of retrograde
tracing in vitro combined with immunohisto-
chemistry has defined the distribution and
neurochemical composition of motor neurones
within the intestine and stomach of several

mammalian species.1–5 This, combined with
many physiological and pharmacological stud-
ies, has allowed the characterisation of inhibi-
tory and excitatory motor innervation within
some regions of the gastrointestinal tract and
has thus elucidated the neural mechanisms
underlying gastrointestinal motility. The nerv-
ous system of the extrahepatic biliary tree,
including the gall bladder, is confluent with the
enteric nervous system and thereby it shares
several of its properties.6 7 However, as the
structure and function of the gall bladder is
specialised, its anatomy and innervation diVer
from those of the gastrointestinal tract.8

Extensive innervation composed of both
extrinsic and intrinsic neural elements is
present within the mucosa, muscle, and
surrounding the vasculature of the gall blad-
der.9 In mammals, including humans, intrinsic
neurones of the gall bladder form three gangli-
onated plexuses: subepithelial, muscular, and
serosal plexuses.9 10 The neurochemical con-
tent of gall bladder neurones, including acetyl-
choline (ACh) and nitric oxide (NO), has been
described in several species.9–11 These intrinsic
gall bladder neurones are proposed to regulate
most gall bladder functions, including motility8

and epithelial functions.12 However, the specific
functional classes of neurones within the gall
bladder remain to be characterised.

Pharmacological data exist for NO mediated
relaxation of the gall bladder musculature.13 14

Studies in vivo have also shown involvement of
NO in gall bladder relaxation.15 Similarly, con-
traction of the gall bladder involves a choliner-
gic mechanism.16 Electron microscopy has
shown the presence of nerve varicosities
containing clear and large dense cored vesicles
in close apposition to the gall bladder muscle.14

However, the neurochemicals present within
these nerves were not investigated. Other stud-
ies have demonstrated the presence of both
nitric oxide synthase (NOS) and ACh in nerve
fibres close to the gall bladder musculature.9 10

However, the source of this innervation is
unclear and there are no neuroanatomical data
to show intrinsic neurones in the motor inner-
vation of the gall bladder.

Abbreviations used in this paper: ACh,
acetylcholine; CCK-8, cholecystokinin octapeptide;
ChAT, choline acetyltransferase; DiI,
1'-didodecyl-3,3,3'3'-tetra-methyl-indocarbocyanine
perchlorate; EFS, electrical field stimulation;
L-NAME, N omega-nitro-L-arginine methyl ester;
NANC, non-adrenergic non-cholinergic; NO, nitric
oxide; NOS, nitric oxide synthase; TTX, tetrodotoxin;
VIP, vasoactive intestinal polypeptide.
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This study uses retrograde tracing in organo-
typic culture and immunohistochemistry to
identify neurones innervating the gall bladder
muscle and their neurochemical content in the
Australian Brush-tailed possum. In vitro phar-
macological studies using gall bladder muscle
strips were performed to add functional data in
support of the neuroanatomical findings.

Material and methods
The methods of retrograde tracing in organ
culture combined with immunohistochemistry
have been described previously1 17 and are out-
lined below. Ethics approval for these studies
was granted by the Flinders University Animal
Welfare Committee.

TISSUE PREPARATIONS

Twelve Australian Brush-tailed possums (Tricho-
surus vulpecula) (1.2–2.0 kg) were fasted for at
least 18 hours and anaesthetised with an
intramuscular injection of ketamine hydrochlo-
ride 20 mg/kg (Ketalar; Parke-Davis, NSW, Aus-
tralia) and xylazine 5 mg/kg (Rompun, Bayer,
NSW, Australia). The gall bladders were har-
vested under sterile conditions and placed in
sterile Krebs solution (composition (mmol/l):
NaCl 117; KCl 5; MgSO4 1.2; NaHCO3 25;
NaH2PO4 1.2; CaCl2 2.5; glucose 10; bubbled
with 95% O2/5% CO2, buVered to pH 7.4)
containing 1 µmol/l nicardipine (Sigma Chemical
Co., St Louis, Missouri, USA) and dissected
open from the cystic duct to the apex, along the
peritoneal aspect, and rinsed in sterile Krebs
solution. For retrograde tracing from the muscle,
the preparations were pinned serosal surface
uppermost on a Sylgard lined petri dish (Dow
Corning, Midland, Michigan, USA). Using blunt
dissection, a small window (1×0.5 mm) was made
in the serosa extending through the connective
tissue to the surface of the muscle layer.

ORGAN CULTURE, RETROGRADE TRACING, AND

IMMUNOHISTOCHEMISTRY

The fluorescent neuronal tracer 1, 1'-didodecyl-
3,3,3'3'-tetra-methyl-indocarbocyanine perchlo-
rate (DiI) (Molecular Probes, Eugene, Oregon,
USA), coated on a 200 µm glass bead, was
focally applied to the muscle surface. The bead
was removed after 24 hours of culture to
prevent penetration of the tracer into under-
lying structures. The preparations were cul-
tured for four days in culture medium (DME
F12 (Sigma), 10% fetal bovine serum, 1.2 g/l
NaHCO3, 1.8 mmol/l CaCl2, 2.5 µg/ml ampho-
tericin, 100 IU/ml penicillin, 20 µg/ml gen-
tamycin, 100 µg/ml streptomycin, buVered to
pH 7.2) after which the preparations were fixed
overnight in modified Zamboni’s fixative (2%
formaldehyde and 15% picric acid in 0.1 mol/l
phosphate buVer, pH 7.0).

Five preparations were washed in phosphate
buVered saline (0.15 mol/l NaCl in 0.01 mol/l
sodium phosphate, pH 7.2) and dissected to
separate the serosal plexus from the muscle
layer. The preparations were then permeabi-
lised with glycerol for two hours to facilitate
antibody penetration and incubated with the
primary monoclonal antibody, mouse anti-NOS
(1:1000; Transduction Laboratories, Lexington,

Kentucky, USA) for 24 hours. The primary
antibody was visualised by incubating the
preparations for two hours with the secondary
antiserum, donkey antimouse conjugated fluo-
rescein isothiocyanate (Jackson Immunorease-
arch, Pennsylvania, USA). The preparations
were mounted in bicarbonate buVered glycerol
and analysed.

Three gall bladders were fixed immediately
on removal from the animals and processed for
visualising the marker of ACh synthesis,
namely choline acetyltransferase (ChAT),
using the antiserum goat anti-ChAT (1:200;
Chemicon, Temecula, California, USA). The
general neuronal marker rabbit anti-PGP 9.5
antiserum (1:400; Ultraclone, Wellow, UK)
was used to identify all nerve cell bodies and
fibres. The secondary antisera, donkey antigoat
conjugated indodicarbocyanin and donkey
antirabbit conjugated indocarbocyanin (Jack-
son Immunoreasearch) were used to identify
the primary antisera. Colocalisation of immu-
noreactivities for ChAT and NOS were tested.
Control experiments omitting primary antisera
abolished visible labelling with the appropriate
secondary antibody combinations. These anti-
sera have been used previously.5

DATA ACQUISITION AND ANALYSIS

DiI fluorescence together with fluorescence
from the neurochemical markers were visual-
ised using an Olympus AX70 microscope fitted
with epifluorescence and a video camera (SSC
M370CE; Sony, Tokyo, Japan) connected to a
Macintosh Quadra computer (Apple, Cuper-
tino, California, USA). The positions of the
neurones and their immunoreactivities to the
neurochemical markers, relative to the DiI
application site, were plotted using a high reso-
lution computerised mapping system linked to
the microscope stage.1 Immunoreactivities for
ChAT and/or NOS were defined as positive
when the immunoreactive cytoplasm was
clearly distinguishable from the immunonega-
tive nucleus and background. The graphics
software NIH image (version 1.61, National
Institute of Health) was used for plotting cell
distributions and for acquiring images. Accu-
mulation of the retrograde tracer allows assess-
ment of neuronal morphology.1 17

Cell distribution data were processed on
Microsoft Excel version 5.0 (Microsoft, Wash-
ington, DC, USA) and plotted on Igor Pro
(WaveMetrics Inc, Eugene, Oregon, USA).
The DiI application site is used as the origin for
the X and Y coordinates. Data are presented as
mean (SEM). The digitised images were not
manipulated apart from cropping, sizing, and
adjustment of contrast and brightness. The
images were printed on a Kodak XLS-8600 PS
dye sublimation printer.

PHARMACOLOGICAL INVESTIGATIONS OF

NEUROTRANSMISSION BY NO AND ACh IN THE

GALL BLADDER

Five Australian Brush-tailed possums (1.2–2.0
kg) were anaesthetised as described previously,
the gall bladders removed, and placed in
modified Krebs solution (mmol/l: Na+ 151.0;
K+ 4.7; Ca2+ 2.8; Mg2+ 0.6; Cl− 143.7; H2PO4

−
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1.3; HCO3
− 16.3; SO4

2− 0.6; glucose 7.7;
bubbled with 95% O2/5% CO2, buVered to pH
7.4). The gall bladders were opened from the
cystic duct to the apex, along the hepatic
aspect, and dissected to provide full thickness
muscle strips (5 mm wide×3 cm long). The
strips, placed in 7 ml organ baths containing
warmed (37°C) oxygenated (bubbled with
95% O2/5% CO2) modified Krebs solution and
indomethacin (3 µmol/l; Sigma), were
mounted through platinum wire ring elec-
trodes and connected to isometric transducers
(load 5–6 mN) to measure mechanical activ-
ity.18 After equilibration (one hour), all prepara-
tions were precontracted to approximately
50% of maximal with cholecystokinin octapep-
tide (CCK-8 0.1 µmol/l; Sigma)18 and allowed
to reach an elevated stable tone (2–5 minutes).
Under all conditions, electrical field stimula-
tion (EFS) generated by a Grass S88 stimula-
tor (Grass Instruments Co., Quincy, Massa-
chusetts, USA) comprised stimulus trains of:
five seconds duration; 10 Hz; 0.1 ms pulse
width; 70 V; and 120 second intervals. This

protocol, established from preliminary experi-
ments, consistently produced a response.

The mechanical response, namely changes in
tone of the preparations to EFS under four
sequential pharmacological conditions, were
established where mean activity during a 30
second period immediately before the onset of
EFS was considered the basal level of activity.
Maximal or minimal activity for a period of 30
seconds after EFS was considered evoked
activity. The four treatments tested were: (1)
control, (2) guanethidine (10 µmol/l; Sigma)
and atropine (3 µmol/l; Sigma) (non-
adrenergic non-cholinergic (NANC) condi-
tions); (3) NANC conditions and N omega-
nitro-L-arginine methyl ester (L-NAME 0.4
mmol/l; Sigma); (4) NANC conditions,
L-NAME (0.4 mmol/l), and L-arginine (0.4
mmol/l; Sigma). Net evoked activity was calcu-
lated using basal activity (evoked minus basal
activity). Tetrodotoxin (TTX 1 µmol/l; Sigma)
was added to the baths and EFS (as above) was
applied to verify that the evoked responses were
neurally mediated. Data were recorded using a

Figure 1 Photomicrographs of a ganglion of the muscular plexus in the possum gall bladder. All three neurones show
choline acetyltransferase (ChAT) immunoreactivity (A). A neurone from the same ganglion shows nitric oxide synthase
(NOS) immunoreactivity (arrow) while the others are immunonegative for NOS (arrowheads) (B). Bar, 20 µm.

ChAT NOSA B

Figure 2 Photomicrograph of nitric oxide synthase (NOS) immunoreactive nerve fibres within the possum gall bladder.
NOS immunoreactive nerve fibres (arrowheads) were present within the non-ganglionated subepithelial plexus (A) and the
muscle (B) of the gall bladder. Bar, 20 µm.

A BNOS NOS
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MacLab recording system (ADInstruments,
NSW, Australia) on a Macintosh Power PC
computer running Chart 3.6/S. Data are
presented as mean (SEM) with analysis of
variance for testing of significance, where a p
value <0.05 was considered significant.

Results
ChAT AND NOS IMMUNOREACTIVITY WITHIN THE

GALL BLADDER

ChAT immunoreactivity was present in nerve
fibres throughout all layers of the gall bladder,
with a degree of variation in the intensity of

Figure 3 Retrogradely labelled neurones were found within the muscular (A) and serosal plexuses (C) on
1'-didodecyl-3,3,3'3'-tetra-methyl-indocarbocyanine perchlorate (DiI) application to the gall bladder muscle. Some DiI
labelled cells showed immunoreactivity for nitric oxide synthase (NOS) (arrows) while others were immunonegative
(arrowhead) (B, D). Bar, 20 µm.

DiI

C D

A B

NOS

NOS

DiI

Figure 4 (A) Scatterplots of neurones retrogradely labelled on 1'-didodecyl-3,3,3'3'-tetra-methyl-indocarbocyanine
perchlorate (DiI) application to the gall bladder muscle in a representative preparation. The DiI labelled neurones were
primarily located close to the application site (all within 10 mm). (B) Cumulative data of all DiI traced neurones from five
preparations showed that nitric oxide synthase (NOS) immunoreactive neurones within both the muscular and serosal
plexus were polarised in their distribution along the longitudinal axis of the gall bladder, projecting predominantly from the
neck towards the apex, but NOS immunonegative cells did not show a polarised distribution.
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immunoreactivity. All gall bladder neurones
distinguished by PGP 9.5 immunoreactivity
showed immunoreactivity for ChAT. Some gall
bladder neurones colocalised immunoreactiv-
ity for both ChAT and NOS while others were
immunonegative for NOS (fig 1).

Both smooth and varicose NOS immunore-
active nerve fibres were present within the three
ganglionated plexuses, namely the muscular,
serosal, and subepithelial plexuses. Nerve
fibres which were NOS immunoreactive were
also present within the non-ganglionated sub-
epithelial plexus (fig 2A) and in close associ-
ation with muscle (fig 2B). Within the
ganglionated plexuses, NOS immunoreactive
varicosities were often closely associated with
nerve cells.

MORPHOLOGY AND NEUROCHEMICAL

COMPOSITION OF NEURONES RETROGRADELY

TRACED FROM MUSCLE

All neurones retrogradely traced from the
muscle were unipolar with a few lamellar den-
drites showing a typical Dogiel type I mor-
phology (fig 3A, C). A few neurones were uni-
polar with numerous filamentous dendrites.
NOS immunoreactivity was observed within
both of these morphological types. Of the
neurones retrogradely labelled from the gall
bladder muscle, neurones with and without
immunoreactivity for NOS were present
within both the muscular and serosal plexuses
(fig 3A–D).

NUMBERS AND DISTRIBUTION OF NEURONES

RETROGRADELY TRACED FROM THE MUSCLE

A total of 302 DiI labelled neurones were
found within the muscular plexus (mean 30
(6.2); 78.0% of all labelled cells) and a total of
85 DiI labelled neurones observed within the
serosal plexus (mean 11 (2.1); 21.9% of all
labelled cells) from five preparations. The epi-
thelial plexus was devoid of labelled cells.

The labelled neurones were primarily
located close to the application site (100%
located within 10 mm of the application site)
(fig 4A, B). Of all DiI labelled neurones, 62
(6.0)% were NOS positive; a mean of 63
(7.1)% NOS immunoreactive neurones within
the muscular plexus and 61.7 (10)% within the
serosal plexus. These NOS immunoreactive
neurones showed a polarity in their distribution
(p<0.01), with 24 (7.3) neurones of the
muscular plexus projecting from the direction
of the neck towards the apex of the gall bladder
and 8.8 (2.6) neurones projecting from the
apex towards the neck. Within the serosal
plexus 12.3 (1.8) neurones projected towards
the apex of the gall bladder with 2.7 (1.4) pro-
jecting towards the neck. The NOS negative
DiI labelled neurones of the gall bladder were
not polarised in their distribution.

Figure 5 Representative traces and cumulative data of gall bladder muscle strip pharmacology. Electrical field stimulation
EFS (arrows) produced consistent gall bladder contraction under control conditions (A). Under non-adrenergic
non-cholinergic (NANC) conditions, EFS produced relaxation (B). This response was abolished by N
omega-nitro-L-arginine methyl ester (L-NAME) (C). Cumulative data (D) are expressed as mean (SEM). All responses
diVered significantly (*p<0.05) from each other. The broken lines and double headed arrows illustrate the parameters used
for quantifying the EFS induced contractions (A) and relaxations (B).
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PHARMACOLOGICAL INVESTIGATIONS ON GALL

BLADDER MOTILITY

In the presence of 0.1 µmol/l CCK-8 alone,
EFS produced consistent gall bladder contrac-
tion (control conditions; fig 5A). Under
NANC conditions (fig 5B), the contractile
response was reversed to relaxation (p<0.03).
This relaxation was abolished by L-NAME
pretreatment (p<0.005) (fig 5C). The aVect of
L-NAME was reversed by application of
L-arginine. All EFS evoked responses were
abolished by TTX. Cumulative data are
presented in fig 5D.

Discussion
During fasting, the gall bladder functions to
store and concentrate bile released from the
liver. During phase II of the migrating motor
complex19 or on chyme reaching the duode-
num, the gall bladder discharges bile by
contraction of its muscular wall.20 Contraction
of the gall bladder is known to be primarily
mediated by intrinsic cholinergic nerves acting
via muscarinic receptors.16 Conversely, during
the fasting state, hepatic bile enters the gall
bladder via the cystic duct and this filling of the
gall bladder is proposed as a passive process.21

More recently, some evidence has emmerged
supporting a role for NO in the filling of the
gall bladder.15 Our study provides both ana-
tomical and pharmacological evidence in the
same species for intrinsic neurones of the gall
bladder mediating excitatory and inhibitory
neurotransmission to the muscle of the gall
bladder by ACh and NO, respectively.

Using immunohistochemical techniques,
several neurochemicals have been demon-
strated in the gall bladder of several mamma-
lian species.9–11 All gall bladder neurones are
reported to contain Ach.9 22 The present study
showed localisation of ChAT within all possum
gall bladder neurones, corroborating these pre-
vious findings. Our recent studies on the
possum duodenum and colon have also
demonstrated colocalisation in some motor
neurones of both NOS and ChAT, markers of
NO and ACh content.5

Previous studies on innervation of circular
muscle within the gastrointestinal tract have
revealed only neurones with Dogiel type I
morphology, the characteristic morphology of
inter and/or motor neurones.1–5 This is re-
flected in the present study with only Dogiel
type I neurones being found, with absence of
type II neurones (the morphology characteris-
tic of primary aVerent neurones) among those
retrogradely traced from the gall bladder mus-
cle.

Demonstration of the marker for ACh within
all gall bladder neurones together with some
motor neurones without the marker for NO
indicates significant motor innervation of the
gall bladder by putative excitatory neurones.
Functional studies have demonstrated an exci-
tatory cholinergic input to the gall bladder
musculature.16 Our data extend these previous
findings, providing evidence for an intrinsic
excitatory motor innervation of the gall bladder
muscle, derived from the muscular and serosal
plexuses.

We have shown that NOS immunoreactive
neurones located within the muscular and
serosal plexuses innervate the musculature of
the gall bladder body. A similar innervation by
NOS immunoreactive neurones of the sphinc-
ter of Oddi was recently demonstrated in the
possum.23 Previous pharmacological data sup-
port our finding, showing a neurally mediated
inhibition of the gall bladder musculature by
NO.13 14 This was initially demonstrated in vitro
using human gall bladder muscle strips where
TTX sensitive, EFS evoked relaxations were
blocked by L-nitroarginine.13 More recent
studies have demonstrated a similar mech-
anism in the guinea pig,24 sheep,14 and human25

gall bladder. Notably, these studies did not
characterise the source of the inhibitory inner-
vation. Our study provides the first neuroana-
tomical evidence for intrinsic inhibitory motor
neurones in the gall bladder. We support these
findings with pharmacological studies, opti-
mised for detecting NO mediated neurotrans-
mission and show relaxations mediated by
neurally released NO within the gall bladder.
Thus we provide evidence supporting the
hypothesis for active relaxation of the gall blad-
der during filling.

Our study revealed a large number of
neurones displaying immunoreactivity for
NOS in the possum gall bladder unlike that
reported in the guinea pig8 or in humans.9 10

While no attempt was made to establish the
proportion of NOS immunoreactive neurones
within the entire population of gall bladder
neurones, the presence of a dense plexus of
NOS immunoreactive nerve fibres in the non-
ganglionated subepithelial plexus following
organotypic tissue culture, as demonstrated in
this study, suggests the presence of NOS in one
or more classes of intrinsic gall bladder
neurones other than motor neurones.

Interestingly, our study did not demonstrate
any retrogradely traced nerve cells within the
ganglionated subepithelial plexus on applica-
tion of the tracer to the gall bladder muscle.
Notably, our preliminary findings with tracer
applied to the epithelial layer showed projec-
tion of nerve cells to the epithelium, exclusively
from the ganglionated subepithelial plexus.26

Thus our data suggest that innervation and
regulation of the gall bladder musculature is by
neurones within the muscular and serosal plex-
uses, with preliminary data suggesting that
control of epithelial function is by neurones
located within the subepithelial plexus. The
distribution of the putative inhibitory and exci-
tatory neurones which project to the gall blad-
der body show a pattern of innervation which is
unique to the gall bladder, diVering signifi-
cantly from the pattern of motor innervation
present within the gastrointestinal tract. Most
notably, the polarised innervation, proposed to
underlie the ascending excitation and descend-
ing inhibition in the gastrointestinal tract,1 2 5 is
absent in the gall bladder. This, and the polar-
ity in the projection of the putative inhibitory
neurones, is likely to underlie the unique motor
behaviour of the gall bladder.

Immunoreactivity for ChAT is found in all
gall bladder neurones in the possum, as shown
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previously in the guinea pig gall bladder.9

However, the intensity of this ChAT immuno-
reactivity varied considerably between neu-
rones, including those within the same gan-
glion. Thus while all gall bladder neurones
contain the enzyme required for ACh synthe-
sis, the use of this excitatory transmitter may
vary between these intrinsic neurones. Impor-
tantly, NOS immunoreactive neurones gener-
ally showed fainter immunoreactivity for
ChAT than NOS negative neurones. This
suggests that the primary transmitter in
neurones which contain both transmitters may
in fact be NO and are thereby primarily inhibi-
tory in function. Importantly, our findings
show that NO is involved in inhibitory
transmission to the gall bladder musculature.
The functional consequences of having low
levels of ChAT within these putative inhibitory
neurones awaits further pharmacological and
physiological investigations.

In the human and guinea pig, vasoactive
intestinal polypeptide (VIP) colocalises with
NOS within gall bladder neurones.9 10 Interest-
ingly, increased innervation by NO and VIP
containing nerves has been observed in some
gall bladder disease states where motor abnor-
malities have also been shown.24 27 Our study
defines the motor innervation by NOS contain-
ing intrinsic neurones showing that the major-
ity of the innervation is comprised of putative
inhibitory motor neurones. This suggests that
altered innervation by NOS containing neu-
rones would result in aberrant gall bladder
motility. The possible localisation of VIP
within motor neurones awaits further investiga-
tions. Importantly, to unravel the normal and
aberrant functioning of the gall bladder, the
mechanisms underlying its motor and
secretory/absorptive activity need to be under-
stood. This study extends our understanding of
the motor innervation of the gall bladder,
further elucidating the mechanisms which
underlie gall bladder functions.

In summary, a large proportion of motor
neurones innervating the muscle of the gall
bladder body are putative inhibitory neurones,
demonstrated by their immunoreactivity for
NOS. The remaining proportion of gall
bladder motor neurones are excitatory as they
contain ChAT and are thus primarily choliner-
gic. These intrinsic neurones provide inhibi-
tory and excitatory innervation of the gall
bladder muscle, mediated by NO and ACh,
respectively. All gall bladder motor neurones
project locally to the muscle from the muscular
and serosal plexuses, with the majority of the
innervation arising from the muscular plexus.
There are no motor neurones present within
the ganglionated subepithelial plexus. This
study provides a combination of both anatomi-
cal and functional data characterising the
intrinsic excitatory and inhibitory innervation
of the gall bladder musculature.
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